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1 Abstract
Quantum mechanics has lacked a widely recognized interpretation since its birth. Many interpretations are under
consideration because they are difficult to disprove experimentally. In this paper, we show that the results of a recent
experiment go against one of them: the pilot-wave interpretation. This is because the key assumption of this
interpretation, particle locality, contradicts the assumption of wave function nonlocality on which the experiment is
founded. This is a rare example of a quantum model and an experiment not indifferent to the interpretation of
quantum mechanics.
2 Introduction
Although quantum mechanics plays a fundamental role in modern physics, is in agreement with countless experiments,
and is a foundation for many applications, it still lacks a widely recognized interpretation. Discussions on a proper
interpretation go back to the beginning of the quantum revolution. Currently, there are many rival interpretations, to
name a few: Copenhagen [1], many worlds [2], pilot-wave [3], objective collapse [4] [5] and many others e.g., [6] [7] [8].
There are so many of them because it is extremely difficult to experimentally disprove individual interpretations.
In this paper, we interpret the results of a recently conducted experiment [9] on the dependence of ultra-diluted gas
transmittance on the size of the detector in relation to pilot-wave type interpretations. According to [10] “pilot-wave
theories are no-collapse formulations of quantum mechanics that assign to the wave function the role of determining the
evolution of (‘piloting’, ‘guiding’) the variables characterizing the system, say particle configurations”. As this
interpretation is widely known, it makes no sense to elaborate more. The key for further discussion is that it assumes
the existence of local particles. This particular assumption seems to contradict the results of the experiment.
In the following section, we briefly review a recently developed transmittance model [11] for ultra-diluted gas
together with the results of the experiment based on this model. In the next section, we show that the assumption of
the existence of local particles contrasts with the experimental results. The last section states our conclusion.
3 Smeared gas theory and experiment
There is a proposed model [11] for the optical transmittance of ultra-diluted gas that considers the effects of wave
function spreading derived from solving the Schro¨dinger equation for a free particle. This model predicts the
dependence of the transmittance measurement on the size of the detector used. Namely, for a smaller detector, a
significant increase in the transmittance of such a gas is envisaged. There are no such predictions from the classical
models. It is valid with a nonrelativistic limit for any type of gas. We will give a brief summary below.
In the model, the optical transmittance TR of a gas cloud is defined as the probability that a photon γ coming from
source S that would have been detected by the detector D in the absence of a cloud passes not scattered the entire
N -element gas cloud and is detected by the detector D. Individual gas particles An are independent, as are scattering
events. This way the transmittance may be assumed as a Markov chain of independent scatter-free events 1− PAnγ :




(1 − PAnγ) , (1)
where PAnγ is the probability of a photon being scattered by the n-th molecule of gas. Due to the definition of
transmittance given above, a scattering event referred to as PAnγ needs to occur in some volume where a photon
passing from source S to detector D is likely to be found. The key assumption of the model is that the wave functions




|ΨAn(r, t)|2dr , (2)
where T is a volume in which a detectable scattering event may occur (“the detectability tunnel”). This volume is
finite and is constrained strictly by the positions and dimensions of the source and detector. We neglect the higher
order corrections of nonclassic photon trajectories (path integrals) as the considered detector may be of macroscopic
size. The G coefficient depends on the photon wavelength, particle cross-section, distance from the cloud to the
detector, etc. The most important fact about this coefficient is that it is assumed to be constant for a given setup
(see [11] for more information). Applying the well-known [12] solution of the Schro¨dinger equation for a free particle to



















where rT is half of the side of the smallest square circumscribed around the detector, on is the n-th particle distance
from the source-detector axis, t¯ is the mean free time of the gas particles and stdev(t¯) is the expected standard
deviation of the spread of a free particle wave packet |Ψ|2. The right-hand part of Eq. (3) is the exact value of
transmittance for a square detector. The exact value of the transmittance for a detector of any shape may be calculated
from Eq. (2), but this requires numerical integration.
It was shown by [11] that the classic transmittance laws, e.g., the Beer-Lambert law [13], is just the first order
approximation of the Eq. (1) when a detector’s diameter is larger than stdev(t¯). The model exhibits interesting
properties when a gas is thin enough, namely, when stdev(t¯) becomes comparable to (or larger than) the size of the
detector. The transmittance of such smeared gas becomes higher than expected by classic laws. Moreover, it becomes
dependent on the size of the detector. Transmittance may reach its limit up to 100%, making such a gas practically
undetectable with a detector of any reasonable finite size. Another prediction is that for detectors significantly larger
than the wavelength of the photon, the measured transmittance is larger the smaller the detector is. None of these
predictions are known by other transmittance models.
The latter relationship was tested experimentally [9]. A comparison of transmittances measured in parallel with a
pair of detectors with different diameters ranging from 2µm to 200µm was carried out for ∼10−2mbar water vapor on
the NIR absorption line. Qualitatively, the results of the experiment were in agreement with the above model with
> 5σ statistical significance. We must mention that another explanation of the experimental results may be found, but
as far as we know, there is no model predicting these exact phenomena.
4 Pilot-wave interpretation contradiction
The smeared gas transmittance model recalled in the previous section is founded on the assumption of a wave
function’s nonlocality. If this assumption is wrong or missing, the integral in Eq. (2) is just a number of particles in a
volume T . It would not lead to Eq. (3). Instead, the transmittance would be (e.g., for a thin gas) just a classic
Beer-Lambert exponential transmission relationship. This derivation is shown explicitly in [11].
In the smeared gas model, the wave function probability distribution is “leaking” out of the detectability tunnel.
Both in the classic transmittance models (developed on top of the ideal gas model) and in the pilot-wave interpretation,
nothing can “leak” out of the detectability tunnel. The detectability tunnel has a diameter at least on the order of
micrometers or even orders of magnitude larger. Gas particles whose sizes are on the order of picometers, if treated
locally, are either completely inside a volume where a scattering event may be detected or completely out of it. As a
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result, it can not lead to predictions of increased transmittance for smaller detectors or to predictions of the dependence
of transmittance on the size of the detector.
This contradicts the results of the experiment [9]. In the experiment, the dependence of transmittance on the size of
a detector was shown. In this way, we conclude that the assumption of particle locality is not valid. As this assumption
is at the heart of the pilot-wave interpretation, it seems that this interpretation is falsified by the experiment.
The same line of reasoning applies to other interpretations of quantum mechanics assuming locality.
5 Summary
In this paper, we show that the pilot-wave interpretation of quantum mechanics contradicts the results of a recently
conducted experiment. The key assumption of this interpretation, particle locality, makes the experimental results
unexplainable. The experiment was designed using a recently developed model of thin gas optical transmittance taking
into account the quantum mechanical effects of the spreading of the wave functions of individual gas particles, where
wave functions are assumed to be nonlocal. To the best of our knowledge, this is a rare example of an experiment not
indifferent to the interpretation of quantum mechanics.
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